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(57) ABSTRACT

In this method for producing a photoelectric conversion
device: an i-type non-crystalline layer and an n-type non-
crystalline layer comprising a non-crystalline semiconductor
film are formed on the light-receiving surface of a semicon-
ductor substrate; an i-type non-crystalline layer and an n-type
non-crystalline layer comprising a non-crystalline semicon-
ductor film are formed on the back surface of the semicon-
ductor substrate; a protective layer is formed on the n-type
non-crystalline layer; an insulating layer is formed on the
n-type non-crystalline layer; and in the state where the top of
the n-type non-crystalline layer is covered by the protective
layer, patterning is performed by eliminating a portion of the
i-type non-crystalline layer, the n-type non-crystalline layer,
and the insulating layer.
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1
PHOTOELECTRIC CONVERSION DEVICE
AND METHOD FOR PRODUCING
PHOTOELECTRIC CONVERSION DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation under 35 U.S.C. §120 of
PCT/IP2012/056110, filed Mar. 9, 2012, which is incorpo-
rated herein reference and which claimed priority to Japanese
Application No. 2011-069671, filed Mar. 28, 2011. The
present application likewise claims priority under 35 U.S.C.
§119 to Japanese Application No. 2011-069671, filed Mar.
28, 2011, the entire content of which is also incorporated
herein by reference.

TECHNICAL FIELD

The present invention relates to a back-contact photoelec-
tric conversion device and a method for producing a photo-
electric conversion device.

BACKGROUND ART

Various types of photoelectric conversion devices have
been considered to enhance power generation efficiency in a
solar power generation system or the like. Patent Literature 1
proposes a back-contact photoelectric conversion device in
which a p-type semiconductor region and an n-type semicon-
ductor region are formed on the opposite side (back surface
side) to the light-receiving surface of a semiconductor sub-
strate.

A back-contact photoelectric conversion device is not pro-
vided with electrodes on the light-receiving surface side but is
provided with electrodes only on the back surface side, and
therefore allows for an increase in an effective light-receiving
area and an enhancement of power generation efficiency. In
addition, connections among photoelectric conversion cells
can be performed only on the back surface side, and it is
therefore possible to use a wide wiring member. Accordingly,
it is possible to suppress a voltage drop and power loss at a
wiring part.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Laid-Open Publication
No. 2009-200267

SUMMARY OF INVENTION
Technical Problem

In a photoelectric conversion device, it is desired to have
light from the light-receiving surface to a semiconductor
region that generates carriers, with as little loss as possible, to
thereby enhance photoelectric conversion efficiency. Further-
more, in order to reduce production costs, there is desired a
method for producing a photoelectric conversion device,
which involves as few steps as possible and does not lead to a
decrease in conversion efficiency.

Solution to Problem

The present invention is a method for producing a photo-
electric conversion device, including, a first step of forming a
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2

first passivation layer on at least a portion of a region in a first
surface of a semiconductor substrate, the first passivation
layer being composed of a non-crystalline semiconductor
film; a second step of forming a second passivation layer on at
least a portion of a region in a second surface of the semicon-
ductor substrate, the second passivation layer being com-
posed of a non-crystalline semiconductor film, the second
surface being opposite to the first surface; a third step of
forming a protective layer on at least a portion of a region in
the first passivation layer; a fourth step of forming an insu-
lating layer on at least a portion of a region in the second
passivation layer; and a fifth step of performing patterning so
as to eliminate a portion of the second passivation layer and a
portion of the insulating layer, in such a state that at least the
portion of aregion in the first passivation layer is covered with
the protective layer. The photoelectric conversion device is
provided with an electrode only on the second surface side.

The present invention is a photoelectric conversion device,
including, a semiconductor substrate; a first passivation layer
formed on at least a portion of a region in a first surface of the
semiconductor substrate, the first passivation layer being
composed of a non-crystalline semiconductor film; a second
passivation layer formed on at least a portion of a region in a
second surface of the semiconductor substrate, the second
passivation layer being composed of a non-crystalline semi-
conductor film, the second surface being opposite to the first
surface; an antireflective layer formed on at least a portion of
a region in the first passivation layer; and an insulating layer
formed on at least a portion of a region in the second passi-
vation layer, wherein an etching rate of the antireflective layer
is higher than an etching rate of the insulating layer.

Advantageous Effects of Invention

The present invention can provide a method for producing
a photoelectric conversion device that allows for an enhance-
ment of photoelectric conversion efficiency in the photoelec-
tric conversion device and a reduction in the number of steps.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1is a plan view of a back surface side of a photoelec-
tric conversion device according to an embodiment of the
present invention.

FIG. 2 is a sectional view of the photoelectric conversion
device according to the embodiment of the present invention.

FIG. 3 is sectional views showing production steps of the
photoelectric conversion device according to the embodiment
of the present invention.

FIG. 4 is sectional views showing production steps of the
photoelectric conversion device according to the embodiment
of the present invention.

FIG. 5 is sectional views showing production steps of the
photoelectric conversion device according to the embodiment
of the present invention.

FIG. 6 is sectional views showing production steps of the
photoelectric conversion device according to the embodiment
of the present invention.

FIG. 7 is sectional views showing production steps of the
photoelectric conversion device according to the embodiment
of the present invention.

DESCRIPTION OF EMBODIMENT

As shownin a plan view of a back surface side of FIG. 1 and
a sectional view of FIG. 2, a photoelectric conversion device
100 according to an embodiment of the present invention is
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configured to include a semiconductor substrate 10, an i-type
non-crystalline layer 12, an n-type non-crystalline layer 12z,
a transparent protective layer 14, an i-type non-crystalline
layer 16, an n-type non-crystalline layer 167, an i-type non-
crystalline layer 18/, a p-type non-crystalline layer 18p, an
insulating layer 20, an electrode layer 22, and electrode sec-
tions 24 (24n, 24p) and 26 (26n, 26p).

Here, FIG. 2 shows a part of a cross section taken along the
X direction in FIG. 1. Furthermore, in FIG. 1, in order to
clearly show each of the regions of the electrode sections 24
(24n, 24p) and 26 (267, 26p), hatchings with different angles
are respectively applied to the regions.

Each figure in the embodiment is drawn schematically, and
the size, the size proportion and the like are actually different
from the reality. Furthermore, in some cases, the size propor-
tion or the like of a figure is different from that of other
figures. In the following description, in the photoelectric con-
version device 100, the side to which light mainly enters is
referred to as a light-receiving surface, and the opposite side
to the light-receiving surface is referred to as a back surface.

Steps for producing the photoelectric conversion device
100 and the structure of the photoelectric conversion device
100 will be described below with reference to FIGS. 3 to 7.

In step S10, a front surface and a back surface of the
semiconductor substrate 10 are cleaned. The semiconductor
substrate 10 may be a conductivity type crystalline semicon-
ductor substrate that is an n-type or p-type. As the semicon-
ductor substrate 10, for example, a monocrystalline silicon
substrate, a polycrystalline silicon substrate, a gallium ars-
enide substrate (GaAs), an indium phosphide substrate (InP),
or the like can be applied. The semiconductor substrate 10
absorbs entering light, and thereby generates carrier pairs of
electrons and holes by photoelectric conversion. The semi-
conductor substrate 10 has a light-receiving surface 10a and
a back surface 104. In the following, there will be described
an example in which an n-type monocrystalline silicon sub-
strate is used as the semiconductor substrate 10.

Cleaning of the semiconductor substrate 10 can be per-
formed using a hydrofluoric acid aqueous solution (HF aque-
ous solution) or an RCA cleaning liquid. It is preferable to
form a textured structure on the light-receiving surface 10a of
the semiconductor substrate 10 using an alkaline etchant such
as a potassium hydroxide aqueous solution (KOH aqueous
solution). In this case, it is possible to form a pyramidal
textured structure having a (111) plane, by means of aniso-
tropic etching of the semiconductor substrate 10 having a
(100) plane with a KOH aqueous solution.

In step S12, the i-type non-crystalline layer 12/ and the
n-type non-crystalline layer 12 are formed on the light-
receiving surface 10a of the semiconductor substrate 10. The
i-type non-crystalline layer 127 and the n-type non-crystalline
layer 12r constitute a passivation layer that covers at least a
portion of the light-receiving surface 10a of the semiconduc-
tor substrate 10.

The i-type non-crystalline layer 12i is a layer composed of
an intrinsic non-crystalline semiconductor film. Concretely,
the i-type non-crystalline layer 12i is formed from amorphous
silicon that contains hydrogen. The i-type non-crystalline
layer 12 has a lower dopant concentration in the film than the
n-type non-crystalline layer 12z. For example, preferably, the
n-type or p-type dopant concentration of the i-type non-crys-
talline layer 12/ should be 5x10'%/cm? or less.

The doping concentration in a semiconductor film can be
measured by a secondary ion mass spectrometry method
(SIMS) or the like. When the doping concentration in the film
has a distribution, spatial (for example, the depth direction)
average values may be compared.

10

15

20

25

30

35

40

45

50

55

60

65

4

Preferably, the i-type non-crystalline layer 127 should be
thinned so as to make light absorption as low as possible,
while it should be thickened so as to sufficiently passivate the
back surface 105 of the semiconductor substrate 10. For
example, it is preferable to be 0.2 nm or more to 50 nm or less.

The n-type non-crystalline layer 127 is a layer composed of
a non-crystalline semiconductor film that contains a conduc-
tivity type n-type dopant. Concretely, the n-type non-crystal-
line layer 127 is formed from amorphous silicon containing
hydrogen. The n-type non-crystalline layer 12x has a higher
dopant concentration in the film than the i-type non-crystal-
line layer 12i. For example, preferably, the n-type dopant
concentration of the n-type non-crystalline layer 12z should
be 5x10*°/cm® or more. Preferably, the thickness of the
n-type non-crystalline layer 12z should be thinned so as to
make light absorption as low as possible, while it should be
thickened so as to allow carriers generated near the light-
receiving surface of the photoelectric conversion device 100
to move to the electrode layer 22. For example, it is preferable
to be 2 nm or more to 50 nm or less.

The i-type non-crystalline layer 12i and n-type non-crys-
talline layer 12z can be formed by a plasma-enhanced chemi-
cal vapor deposition method (PECVD) or the like. The i-type
non-crystalline layer 12/ can be formed by means of causing
silicon-containing gas such as silane (SiH,) to be in a plasma
state by application of RF high-frequency power to a parallel
plate electrode or the like, and then supplying the gas to a
film-forming surface ofthe semiconductor substrate 10 thatis
heated. The n-type non-crystalline layer 12% can be formed
by means of adding phosphine (PH;) or the like to silicon-
containing gas such as silane (SiH,), causing the gas to be in
a plasma state by application of RF high-frequency power to
a parallel plate electrode or the like, and then supplying the
gas to a film-forming surface of the semiconductor substrate
10 that is heated. On this occasion, by diluting the silicon-
containing gas with hydrogen (H,), it is possible to vary the
film properties of the i-type non-crystalline layer 12i and the
n-type non-crystalline layer 12z depending on the dilution
ratio.

In the embodiment, the non-crystalline layer includes a
microcrystalline semiconductor film. The microcrystalline
semiconductor film is a film in which crystal grains are pre-
cipitated in a non-crystalline semiconductor. The average
grain diameter of the crystal grains is estimated to be approxi-
mately 1 nm or more to 80 nm or less, but is not limited to this.

In step S14, the i-type non-crystalline layer 16/ and the
n-type non-crystalline layer 16% are formed on the back sur-
face 1056 of the semiconductor substrate 10. The i-type non-
crystalline layer 16/ and the n-type non-crystalline layer 167
constitute a portion of a passivation layer that covers at least
a portion of the back surface 105 of the semiconductor sub-
strate 10.

The i-type non-crystalline layer 16 is a layer composed of
an intrinsic non-crystalline semiconductor film. Concretely,
the i-type non-crystalline layer 16/ is formed from amorphous
silicon containing hydrogen. The i-type non-crystalline layer
16i has a lower dopant concentration in the film than the
n-type non-crystalline layer 16z. For example, preferably, the
n-type or p-type dopant concentration of the i-type non-crys-
talline layer 16i should be 5x10"%/cm> or less.

Preferably, the thickness of the i-type non-crystalline layer
16 should be thinned so as to make light absorption as low as
possible, while it should be thickened so as to sufficiently
passivate the back surface 105 of the semiconductor substrate
10. Forexample, it is preferable to be 0.2 nm or more to 50 nm
or less.
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The n-type non-crystalline layer 16# is alayer composed of
a non-crystalline semiconductor film that contains a conduc-
tivity type n-type dopant. Concretely, the n-type non-crystal-
line layer 167 is formed from amorphous silicon containing
hydrogen. The n-type non-crystalline layer 167 has a higher
dopant concentration in the film than the i-type non-crystal-
line layer 16i. For example, preferably, the n-type dopant
concentration of the n-type non-crystalline layer 167 should
be 5x10*%cm® or more. Preferably, the thickness of the
n-type non-crystalline layer 16z should be thinned so as to
make light absorption as low as possible, while it should be
thickened such that the open-circuit voltage of the photoelec-
tric conversion device 100 is sufficiently high. For example, it
is preferable to be 2 nm or more to 50 nm or less.

The i-type non-crystalline layer 16/ and n-type non-crys-
talline layer 167 can be formed by a plasma-enhanced chemi-
cal vapor deposition method (PECVD) or the like. Con-
cretely, similarly to the i-type non-crystalline layer 12i and
n-type non-crystalline layer 12z, they can be formed by
means of supplying silicon-containing gas such as silane
(SiH,) or a source gas composed of the silicon-containing gas
and phosphine (PH,) or the like added thereto, causing the gas
to be in a plasma state by application of RF high-frequency
power to a parallel plate electrode or the like, and then sup-
plying the gas to a film-forming surface of the semiconductor
substrate 10 that is heated. On this occasion, by diluting the
silicon-containing gas with hydrogen (H,), it is possible to
vary the film properties of the i-type non-crystalline layer 167
and the n-type non-crystalline layer 16» depending on the
dilution ratio.

In step S16, a protective layer 30 is formed on the n-type
non-crystalline layer 12x. The protective layer 30 functions as
a protective layer for the light-receiving surface of the pho-
toelectric conversion device 100. Preferably, the material of
the protective layer 30 should be silicon oxide, silicon nitride,
silicon oxynitride or the like. Preferably, the thickness of the
protective layer 30 should be, for example, 80 nm or more to
1 um or less.

The protective layer 30 can be formed by a sputtering
method using a target containing a raw material to be applied,
a chemical vapor deposition method (CVD) using a gas con-
taining a chemical element for a raw material to be applied, or
the like.

In step S18, the insulating layer 20 is formed on the n-type
non-crystalline layer 16x. The insulating layer 20 is provided
in order to keep the i-type non-crystalline layer 16/ and n-type
non-crystalline layer 167z electrically insulated from the
i-type non-crystalline layer 18i and p-type non-crystalline
layer 18p. The insulating layer 20 may be transparent or
opaque.

For example, the insulating layer 20 may be composed of
an insulating material such as silicon oxide, silicon nitride
and silicon oxynitride. Preferably, the thickness of the insu-
lating layer 20 should be, for example, 80 nm or more to 1 um
or less. The insulating layer 20 can be formed by a sputtering
method using a target containing a raw material to be applied,
a plasma-enhanced chemical vapor deposition method
(PECVD) using a gas containing a chemical element for a raw
material to be applied, or the like.

The protective layer 30 is provided so as to be alayer whose
etching rate is higher than the etching rate of the insulating
layer 20, with respect to an etchant containing hydrogen
fluoride (HF). Examples of the etchant containing hydrogen
fluoride include a hydrogen fluoride (HF) aqueous solution, a
mixed liquid of hydrogen fluoride (HF) and a hydrogen per-
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oxide solution (H,0,), and buffered hydrofiuoric acid, which
is a mixed liquid of hydrogen fluoride (HF) and ammonium
fluoride (NH,F).

For example, when the insulating layer 20 and the protec-
tive layer 30 are composed of any one of silicon oxide, silicon
nitride and silicon oxynitride, preferably, the hydrogen con-
tent ratio of the protective layer 30 should be higher than the
hydrogen content ratio of the insulating layer 20. Also, pref-
erably, the silicon content ratio of the protective layer 30
should be lower than the silicon content ratio of the insulating
layer 20. In addition, preferably, the density of the protective
layer 30 should be lower than the density of the insulating
layer 20.

It is possible to regulate the etching rate with respect to an
etchant containing hydrogen fluoride, hydrogen content ratio,
silicon content ratio and density of the insulating layer 20 and
the protective layer 30, by means of varying film-forming
conditions of the insulating layer 20 and the protective layer
30.

Concretely, it is possible to provide the protective layer 30
and the insulating layer 20 that meet the above conditions, by
means of forming the protective layer 30 by a plasma-en-
hanced chemical vapor deposition method (PECVD) and
forming the insulating layer 20 by a sputtering method. That
is, in formation of silicon oxide, silicon nitride or silicon
oxynitride, typically, a film formed by a plasma-enhanced
chemical vapor deposition method (PECVD) has a higher
hydrogen content ratio and lower density than a film formed
by a sputtering method. As aresult, itis possible to provide the
protective layer 30 whose etching rate is higher than the
etching rate of the insulating layer 20, with respect to an
etchant containing hydrogen fluoride.

When forming the protective layer 30 and the insulating
layer 20 by a plasma-enhanced chemical vapor deposition
method (PECVD), it is possible to provide the protective
layer 30 and the insulating layer 20 that meet the above
conditions, by means of forming the insulating layer 20 at a
higher plasma density than the protective layer 30. In order to
increase the plasma density, for example, it is allowable to
increase the power to be applied to the electrode. That is, in
formation of silicon oxide, silicon nitride or silicon oxyni-
tride, typically, a lower plasma density in a plasma-enhanced
chemical vapor deposition method (PECVD) results in for-
mation of a film with a higher hydrogen content ratio and
lower density. As a result, it is possible to provide the protec-
tive layer 30 whose etching rate is higher than the etching rate
of' the insulating layer 20, with respect to an etchant contain-
ing hydrogen fluoride.

In addition, when forming the protective layer 30 and the
insulating layer 20, it is possible to provide the protective
layer 30 and the insulating layer 20 that meet the above
conditions, by means of performing film forming for the
insulating layer 20 at a higher film-forming temperature set-
ting than a film forming for the protective layer 30, if the other
film-forming conditions are equal. That is, in formation of
silicon oxide, silicon nitride or silicon oxynitride, typically, a
higher film-forming temperature results in a formation of a
film with a higher hydrogen content ratio and lower density.
As a result, it is possible to provide the protective layer 30
whose etching rate is higher than the etching rate of the
insulating layer 20, with respect to an etchant containing
hydrogen fluoride.

Furthermore, when forming the protective layer 30 and the
insulating layer 20, a higher hydrogen dilution ratio in a
source gas allows for formation of silicon oxide, silicon
nitride or silicon oxynitride with a higher hydrogen content
ratio and lower density, if the other film-forming conditions
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are equal. As a result, it is possible to provide the protective
layer 30 whose etching rate is higher than the etching rate of
the insulating layer 20, with respect to an etchant containing
hydrogen fluoride.

In step S20, etching of the insulating layer 20 is performed.
Concretely, the etching is performed so as to eliminate a
portion of a region on which the i-type non-crystalline layer
18i and p-type non-crystalline layer 18p are to be formed, in
the insulating layer 20. For example, using a screen printing
method or ink-jet method, a resist R1 is applied on a region
where the insulating layer 20 is to be left so that a region
where the insulating layer 20 is to be eliminated is exposed.
Then, the insulating layer 20 on the region where the resist R1
is not applied is etched. At this time, the protective film 30 is
protected by a protective film R2 so as not to be etched. As the
protective layer R2, a protective sheet or a resist can be used.
When the insulating layer 20 is composed of silicon oxide,
silicon nitride or silicon oxynitride, for example, a hydrof-
Iuoric acid aqueous solution (HF aqueous solution) can be
used as the etchant. Thereafter, the resist R1 and the protective
film R2 are eliminated.

An etching paste in a paste form or etching ink with a
regulated viscosity may be applied on the region where the
insulating layer 20 is to be eliminated, for etching the insu-
lating layer 20. The etching paste or etching ink can be
applied in a predetermined pattern by a screen printing
method or ink-jet method.

In step S22, the i-type non-crystalline layer 16/ and the
n-type non-crystalline layer 16 are etched. Concretely, the
etching is performed so as to eliminate a portion of a region on
which the i-type non-crystalline layer 18/ and the p-type
non-crystalline layer 18p are to be formed, in the i-type non-
crystalline layer 16/ and the n-type non-crystalline layer 167.

The i-type non-crystalline layer 16/ and n-type non-crys-
talline layer 167 exposed from the insulating layer 20, which
is a mask, are etched using an alkaline etchant. As the etchant,
for example, an aqueous solution containing sodium hydrox-
ide (NaOH) can be used. As a result, in the back surface 105
of'the semiconductor substrate 10, a region that is not covered
with the insulating layer 20 is exposed.

Furthermore, the back surface 105 of the semiconductor
substrate 10, that has been exposed from the insulating layer
20 by the elimination of the i-type non-crystalline layer 16/
and the n-type non-crystalline layer 16n, is cleaned. The
cleaning can be performed using a hydrofluoric acid aqueous
solution (HF aqueous solution) and an RCA cleaning liquid in
combination.

In steps S20 and S22, the protective layer 30, which covers
the light-receiving surface 10a side of the semiconductor
substrate 10, is also eliminated. As described above, since the
protective layer 30 is provided so as to be a layer whose
etching rate is higher than the etching rate of the insulating
layer 20 with respect to an etchant containing hydrogen fluo-
ride, the protective layer 30 is eliminated but the insulating
layer 20 is not eliminated.

In step S24, the i-type non-crystalline layer 18 and the
p-type non-crystalline layer 18p are formed on the back sur-
face 105 side of the semiconductor substrate 10. The i-type
non-crystalline layer 187 and the p-type non-crystalline layer
18p constitute at least a portion of a passivation layer that
covers at least a portion of the back surface 105 of the semi-
conductor substrate 10.

The i-type non-crystalline layer 18i is a layer composed of
an intrinsic non-crystalline semiconductor film. Concretely,
the i-type non-crystalline layer 18i is formed from amorphous
silicon containing hydrogen. The i-type non-crystalline layer
18i has a lower dopant concentration in the film than the
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p-type non-crystalline layer 18p. For example, preferably, the
n-type or p-type dopant concentration of the i-type non-crys-
talline layer 18i should be 5x10'%/cm> or less.

Preferably, the thickness of the i-type non-crystalline layer
18i should be thinned so as to make light absorption as low as
possible, while it should be thickened so as to sufficiently
passivate the back surface 105 of the semiconductor substrate
10. Forexample, it is preferable to be 0.2 nm or more to 50 nm
or less.

The p-type non-crystalline layer 18p is a layer composed of
a non-crystalline semiconductor film that contains a conduc-
tivity type p-type dopant. Concretely, the p-type non-crystal-
line layer 18p is formed from amorphous silicon containing
hydrogen. The p-type non-crystalline layer 18p has a higher
dopant concentration in the film than the i-type non-crystal-
line layer 18i. For example, preferably, the p-type dopant
concentration of the p-type non-crystalline layer 18p should
be 5x10*%cm® or more. Preferably, the thickness of the
p-type non-crystalline layer 18p should be thinned so as to
make light absorption as low as possible, while it should be
thickened such that the open-circuit voltage of the photoelec-
tric conversion device 100 is sufficiently high. For example, it
is preferable to be 2 nm or more to 50 nm or less.

The i-type non-crystalline layer 18/ and the p-type non-
crystalline layer 18p can be formed by a plasma-enhanced
chemical vapor deposition method (PECVD) or the like. Con-
cretely, the i-type non-crystalline layer 18/ can be formed by
means of causing silicon-containing gas such as silane (SiH,)
to be in a plasma state by application of RF high-frequency
power to a parallel plate electrode or the like, and then sup-
plying the gas to a film-forming surface of the semiconductor
substrate 10 that is heated. The p-type non-crystalline layer
18p can be formed by means of adding diborane (B,H,) or the
like to silicon-containing gas such as silane (SiH,), causing
the gas to be in a plasma state by application of RF high-
frequency power to a parallel plate electrode or the like, and
then supplying the gas to a film-forming surface of the semi-
conductor substrate 10 that is heated. On this occasion, by
diluting the silicon-containing gas with hydrogen (H,), it is
possible to vary the film properties of the i-type non-crystal-
line layer 18/ and the p-type non-crystalline layer 18p
depending on the dilution ratio.

In step S26, again, the transparent protective layer 14 is
formed on the n-type non-crystalline layer 12r, from which
the protective layer 30 has been eliminated. The transparent
protective layer 14 has a function as an antireflective film and
a function as a protective film for the light-receiving surface
of the photoelectric conversion device 100. The transparent
protective layer 14 may be conductive or insulative. As the
transparent protective layer 14, it is possible to use, for
example, a transparent insulating material such as silicon
oxide, silicon nitride and silicon oxynitride, and a transparent
conductive material such as tin oxide and indium oxide. Pref-
erably, the thickness of the transparent protective layer 14
should be appropriately set depending on the refractive index
of the material, or the like, so as to have an antireflective
property as intended. Preferably, the transparent protective
layer 14 should be, for example, 80 nm or more to 1 um or
less.

The transparent protective layer 14 can be formed by a
sputtering method using a target containing a raw material to
be applied, a chemical vapor deposition method (CVD) using
a gas containing a chemical element for a raw material to be
applied, or the like.

Preferably, the transparent protective layer 14 should be a
film of the same material as the protective layer 30 formed in
step S16. as a result, it is possible to use the same film-
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forming apparatus in step S16 and step S26, and reduce
production costs of the photoelectric conversion device 100.

In step S28, in the i-type non-crystalline layer 187 and the
p-type non-crystalline layer 18p, a portion covering the insu-
lating layer 20 is eliminated.

Concretely, using a screen printing method or ink-jet
method, a resist R3 is applied on a region where the i-type
non-crystalline layer 187 and the p-type non-crystalline layer
18p are to be left, so that a region where the i-type non-
crystalline layer 18/ and p-type non-crystalline layer 18p are
to be eliminated is exposed. Then, the i-type non-crystalline
layer 18i and p-type non-crystalline layer 18p are etched
using the resist R3 as a mask. In the etching, an alkaline
etchant can be used. For example, an aqueous solution con-
taining sodium hydroxide (NaOH) can be used. Thereafter,
the resist R3 is eliminated.

An etching paste in a paste form or etching ink with a
regulated viscosity may be applied on the region where the
i-type non-crystalline layer 18/ and the p-type non-crystalline
layer 18p is to be eliminated, for etching the i-type non-
crystalline layer 18/ and the p-type non-crystalline layer 18p.
The etching paste or etching ink can be applied in a predeter-
mined pattern by a screen printing method or ink-jet method.

In step S30, the insulating layer 20 is etched. Concretely,
using the i-type non-crystalline layer 18/ and p-type non-
crystalline layer 18p partially eliminated in step S28 as a
mask, the exposed portion in the insulating layer 20 is elimi-
nated by etching with an etching agent. At this time, the
transparent protective film 14 is protected by a protective film
R4 50 as not to be etched. As the protective film R4, a protec-
tive sheet or a resist can be used. Here, an etching agent for
which the etching rate of the insulating layer 20 is higher than
the etching rate of the p-type non-crystalline layer 18p is
used. For example, a hydrofluoric acid aqueous solution (HF)
or the like can be used as the etching agent. As a result, only
the insulating layer 20, that is exposed from the i-type non-
crystalline layer 18/ and the p-type non-crystalline layer 18p,
is selectively etched so that the n-type non-crystalline layer
167 is exposed at that region. Thereafter, the protective film
R4 is eliminated.

In step S32, the electrode layer 22 is formed on the n-type
non-crystalline layer 16n and p-type non-crystalline layer
18p. The electrode layer 22 is configured to include a layer
that functions as a seed layer for forming the electrode section
24. Preferably, the electrode layer 22 should have a layered
structure of a transparent conductive film 22a and a conduc-
tive layer 225 containing a metal. As the transparent conduc-
tive film 22a, ITO, SnO,, TiO,, ZnO or the like can be used.
As the conductive layer 225, a metal such as copper (Cu), or
an alloy can be used. The transparent conductive film 224 and
conductive layer 225 can be formed by a thin film forming
method such as a plasma-enhanced chemical vapor deposi-
tion method (PECVD) and a sputtering method.

In step S34, the electrode layer 22 is divided. In the region
where the electrode layer 22 is formed, a portion of a region
formed on the insulating layer 20 is eliminated, so that the
electrode layer 22 is divided into an electrode layer 22 elec-
trically connected to the n-type non-crystalline layer 162 and
an electrode layer 22 electrically connected to the p-type
non-crystalline layer 18p. The dividing of the electrode layer
22 can be performed by a patterning technique using a resist
R5. In the patterning, it is possible to apply etching using
ferric chloride (FeCl;) and hydrochloric acid (HCI). After the
dividing of the electrode layer 22, the resist R3 is eliminated.

In step S36, the electrode section 24 is formed on the region
where the electrode layer 22 is left. The electrode section 24
can be formed by means of formation of a metal layer by an
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electroplating process. For example, it is possible to form the
electrode section 24 by sequentially laminating the electrode
section 24a composed of copper (Cu) and the electrode sec-
tion 245 composed of tin (Sn). The electrode section 24 is not
limited to this, and may be composed of other metals such as
gold and silver, other conductive materials, or a combination
of'them. The electrode section 24 is formed only on the region
where the electrode layer 22 is left, by means of using an
electroplating process with application of an electrical poten-
tial to the electrode layer 22.

As shown in FIG. 1, the electrode section 24z electrically
connected to the n-type non-crystalline layer and the elec-
trode section 24p electrically connected to the p-type non-
crystalline layer are formed by the dividing treatment in step
S34. The electrode section 24 and electrode section 24p are
finger electrodes. Furthermore, the electrode section 267
electrically connected to a plurality of the electrode sections
247 and the electrode section 26p electrically connected to a
plurality of the electrode sections 24p are provided. The elec-
trode section 26n and the electrode section 26p are bus bar
electrodes.

In this way, it is possible to form the photoelectric conver-
sion device 100 according to the embodiment. Here, the pro-
tective layer 30 is provided so as to be a layer whose etching
rate is higher than the etching rate of the insulating layer 20
with respect to an etchant containing hydrogen fluoride, and
as a result, it is possible to eliminate the protective layer 30
simultaneously with etching the insulating layer 20, and the
i-type non-crystalline layer 16/ and the n-type non-crystalline
layer 16r. Itis then possible to form the transparent protective
layer 14 instead of the eliminated protective layer 30.

As a result, it is possible to protect the i-type non-crystal-
line layer 12/ and the n-type non-crystalline layer 127 until
the protective layer 30 is eliminated. Even though the protec-
tive layer 30 is damaged during elimination of the protective
film 30, since the transparent protective layer 14 is formed
instead, it is possible to maintain a high antireflective-film
property. Furthermore, since the protective layer 30 is elimi-
nated simultaneously with etching the insulating layer 20 and
the i-type non-crystalline layer 16/ and the n-type non-crys-
talline layer 16#, it is possible to suppress production costs of
the photoelectric conversion device 100 and increase the con-
version efficiency in the photoelectric conversion device 100.

In the above description, it is allowable to appropriately
exchange the polarities of the dopants of the semiconductor
substrate 10, n-type non-crystalline layer 12n, n-type non-
crystalline layer 16% and p-type non-crystalline layer 18p. For
example, it is allowable to change the n-type non-crystalline
layer 167 and the p-type non-crystalline layer 18p to p-type
and n-type, respectively, and to change the polarity of the
semiconductor substrate 10 and the n-type non-crystalline
layer 12n to p-type.

The invention claimed is:

1. A method for producing a photoelectric conversion

device, comprising:

a first step comprising forming a first passivation layer on
a first surface of a semiconductor substrate, the first
passivation layer being composed of a non-crystalline
semiconductor film;

a second step comprising forming a second passivation
layer on a second surface of the semiconductor sub-
strate, the second passivation layer being composed of a
non-crystalline semiconductor film, the second surface
being opposite to the first surface;

a third step comprising forming a protective layer on the
first passivation layer;
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a fourth step comprising forming an insulating layer on the
second passivation layer; and

a fifth step comprising performing patterning so as to
eliminate a portion of the second passivation layer and a
portion ofthe insulating layer, in such a state that the first
passivation layer is covered with the protective layer;

a sixth step comprising cleaning the surface of the semi-
conductor substrate and simultaneously eliminating the
protective layer after the fifth step, the surface of the
semiconductor being exposed by eliminating the second
passivation layer and the insulating layer in the firth step;
and

a seventh step comprising forming an antireflective layer
on the first passivation layer in the same manner as in the
third step, after the sixth step.

2. The method for producing the photoelectric conversion

device according to claim 1,

wherein a cleaning liquid used in the sixth step has an
etching rate to the protective layer which is higher than
an etching rate to the insulating layer.

3. The method for producing the photoelectric conversion

device according to claim 1,

wherein the protective layer is composed of any one of
silicon nitride, silicon oxide and silicon oxynitride.

4. The method for producing the photoelectric conversion

device according to claim 1,

wherein the protective layer and the insulating layer are
composed of a silicon nitride film, and

the protective layer comprises a layer whose etching rate is
higher than an etching rate of the insulating layer to an
etchant containing hydrogen fluoride.

5. The method for producing the photoelectric conversion

device according to claim 1,

wherein the protective layer and the insulating layer are

composed of a silicon nitride film, and
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the protective layer comprises a layer whose hydrogen
content ratio is higher than a hydrogen content ratio of
the insulating layer.

6. The method for producing the photoelectric conversion
device according to claim 1,

wherein the protective layer and the insulating layer are

composed of a silicon nitride film, and

the protective layer comprises a layer whose silicon con-

tent ratio is lower than a silicon content ratio of the
insulating layer.

7. The method for producing the photoelectric conversion
device according to claim 1,

wherein the protective layer and the insulating layer are

composed of a silicon nitride film, and

the protective layer comprises a layer whose density is

lower than a density of the insulating layer.

8. The method for producing the photoelectric conversion
device according to claim 1,

wherein a film-forming temperature for the insulating layer

in the fourth step is higher than a film-forming tempera-
ture for the protective layer in third the step.

9. The method for producing the photoelectric conversion
device according to claim 1,

wherein in the third step, the protective layer is formed by

a plasma-enhanced chemical vapor deposition method,
and

in the fourth step, the insulating layer is formed by a sput-

tering method.

10. The method for producing the photoelectric conversion
device according to claim 1, wherein in the third step, the
protective layer is formed by a plasma-enhanced chemical
vapor deposition method, and

in the fourth step, the insulating layer is formed by a

plasma-enhanced chemical vapor deposition method at
a higher plasma density than in the third step.
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